Chickens were housed when 1 day old with chickens experimentally infected with Mycoplastnu synoviae. Air sacs from 16 of the 2-week-old and eight of the 3-week-old contact-exposed chickens were given gross lesion scores and embedded in glycol methacrylate for slide preparation. Histologic lesions in air sacs with gross scores of 0-2 were mild edema resulting in a two to eightfold increase in air sac thickness, capillary proliferation, and exudate consisting largely of heterophils and necrotic debris. Histologic lesions in air sacs with gross scores of 3 and 4 were marked hyperplasia of epithelial cells and diffuse infiltration of the air sac connective tissue by mononuclear cells. Nine of 10 air sacs with gross scores of 0 had no histologic evidence of inflammation. The most severe histologic lesions were in those air sacs with gross scores of 4. The glycol methacrylate procedure resulted in 2-pm sections with excellent cellular detail.
were available. A third objective was to review the reactive potential of avian air sacs. The final objective was to evaluate glycol methacrylate as an embedding medium for air sac tissues.
Materials and Methods
An isolate of M. synoviue, designated FIO-ZAS, was obtained from Dr. H. W. YODER (Southeast Poultry Research Laboratory, Athens, Ga.). One drop of culture, which contained lo8 plaque-forming units per milliliter, was put into each conjunctival sac of 10 I-day-old chickens. These 10 chickens were sources of contact infection for 140 chickens in the filtered air-positive pressure room. All chickens were vaccinated when 14 days old with the LaSota strain of Newcastle disease virus administered in the drinking water.
Procedures for isolation and identification of mycoplasmas and for gross evaluation of air sac lesions have been described [23] .
Air sacs were taken from 16 2-week-old chickens and eight 3-week-old chickens. The 2-week-old chickens were removed from the room and killed before vaccination against Newcastle disease. Effects of vaccination alone on air sac morphology were not investigated. After fixation in 10% neutral buffered formalin, air sacs were embedded in glycol methacrylate, and processed as described [lo]. Air sacs from five pathogen-free chickens (Spafas, Inc., Norwich, Conn.) raised in a positive-pressure Horsfall-Baur unit and processed in a similar manner were unexposed, uninfected controls.
Results
Air sacs with gross scores from 0 to 3 in the 2-week-old chickens and from 0 to 4 in the 3-week-old chickens were obtained and examined histologically (table I). M . synoviae was cultured from 30°, of the tracheas of the 2-week-old chickens. Air sacs from these 2-week-old chickens were identified only as to gross score; therefore, correlation between positive tracheal culf i g . l . Focal area of ciliated columnar epithelium of air sac with score of 0. Acid fuchsin-toluidine blue. f i g . 2. Air sac from chicken 2 weeks after exposure to M. synoviue. Focal edema, many capillaries, and a few mononuclear cells in the connective tissue. Gross lesion score = 1.
Acid fuchsin-toluidine blue. The number of chickens from which air sacs were obtained for histologic evaluation. ture and histologic changes was not possible. All of the 3-week-old chickens from which air sacs were obtained had M. synoviue cultured from tracheal swabs. Nine of 10 air sacs with gross scores of 0 had no histologic evidence of inflammation. Focal areas of ciliated epithelium ( fig. 1 ) and occasional deposits of adipose tissue frequently were seen. These areas were more vascular than were adjacent areas of the air sac. There were similar findings for unexposed, uninfected controls. In one 2-week-old contact-exposed chicken with grossly normal air sacs, there was focal edema with proliferation of capillaries and mononuclear cells ( fig. 2 ). This lesion was similar to those in air sacs with scores of 1. Air sacs with gross scores of 2 or 3 had similar histologic lesions. Those with scores of 3 tended to be more extensively involved, but this was not consistent. These air sacs were two to eight times thicker than normal and had heterophil and mononuclear cell infiltration of the connective tissue ( fig. 3-5 ). In some areas the exudate was confined to the connective tissue ( fig. 3 ), but in others a focal ( fig. 4) or diffuse ( fig. 5 ) accumulation of cells, many of which were necrotic, was on the surface epithelium.
Air sacs with gross scores of 4 from 3-week-old contact-exposed chickens had pronounced epithelial cell hyperplasia, thickened walls (often as much as six-to tenfold), and predominantly mononuclear cell infiltration of the connective tissue ( fig. 6-1 1) . The lymphoid cells were closely associated with the epithelium, particularly the ciliated columnar cells ( fig. 6-9 ). Villus-like epithelial projections and cysts were common ( fig. 7-9 ). In these air sacs most blood vessels contained variable numbers of pleomorphic mononuclear cells in addition to heterophils ( fig. 9-1 1) . There was a tendency for mononuclear cells to collect near blood vessels ( fig. lo) , but well-circumscribed lymphoid follicles were not seen.
Focal or diffuse accumulations of macrophages with prominent vacuolar cytoplasm were associated with nonciliated epithelium and with serosal cells ( fig. 12) . Macrophages were in air sacs having scores of 2 or greater.
Areas of necrosis, in air sacs scored 3 or 4, were often surrounded by giant cells (fig. 13) . Fibroblast proliferation was usually marked adjacent to to such foci, but was often unassociated with obvious necrosis ( fig. 14) . Fibroblast proliferation was in several air sacs with scores of 3 from 2-week-old chickens and in all four of four air sacs with a score of 4.
Discussion
Air sacs from chickens killed after 2 or 3 weeks of contact-exposure to chickens inoculated with M. synoviue had a range of histologic lesions that correlated with the gross lesion scores. Only one of 10 air sacs with scores of 0 had histologic evidence of inflammation. Gross scores of 1 were associated with capillary proliferation, mild to moderate edema, few heterophils, and mononuclear cells in the connective tissue. These lesions were focal or multifocal. Differences between gross scores of 2 and 3 were more difficult to determine by histologic examination. Lesions with gross scores of 2 and 3 were characterized by foci of necrosis, increased exudate compared to air sacs scoring 1, and epithelial cell proliferation. Some of the difficulties in differentiating lesions with gross scores of 2 or 3 probably were caused by sampling. The plastic-embedding technique required small (5-7 mm x 10 mm) tissue blocks, and the more severely affected areas usually were selected for processing. Normal air sacs are difficult to remove and process. Focal lesions could be missed either because they were not selected or because the affected area was not sectioned. Gross scores of 3 or 4 were associated with exudates in which there were more mononuclear cells than heterophils. Because there were pleomorphic, mononuclear cells within blood vessels from the air sacs with a score of 3 or 4, it is probable that blood-derived cells comprise a large proportion of such cells. Similar findings have been reported in experimentally induced inflammation in avian species [5,6, 17, 281.  Fig. 11 . Cells resembling lymphocytes in a blood vessel. Various mononuclear cells in adjacent connective tissue. Acid fuchsin-toluidine blue. Fig. 12 . Air sac with macrophages with vacuolated cytoplasm and lymphocytes associated with the air sac epithelium. Acid fuchsin-toluidine blue. Fig. 13 . Area of caseous necrosis surrounded by giant cells and fibroblasts. Air sac from chicken killed 2 weeks after exposure to M. synoviae. Gross lesion score = 3. Acid fuchsintoluidine blue. Fig. 14. Fibroblast proliferation and scattered mononuclear lymphoid cells unassociated with necrosis. Acid fuchsin-toluidine blue.
Macrophages are also derived from serosal cells and nonciliated epithelial cells lining the air sac. Ultrastructural studies of air sacs [7] showed basal cells that may differentiate to macrophages.
Ciliated, columnar epithelium in avian air sacs has been described [9, 15, 20, 25, 26] . The apparent increase in the amount of ciliated epithelium in air sacs of these contact-exposed chickens and the hyperplasia of lining epithelial cells are changes that some considered part of the response of avian air sacs to injury [25, 261.
Acinar formation in the epithelial lining and focal areas of caseous necrosis surrounded by giant cells were features of M. synoviae-induced airsacculitis in turkey poults [ll] . Similar lesions were in air sacs with a score of 4.
The histologic changes were associated with the presence of M. synoviae in the tissues of the chickens exposed by contact as described. By 2 weeks of age, 30% of the chickens examined had M. synoviae in their tracheas and by 3 weeks of age, 100% of the contact-exposed chickens were infected. Culture of air sacs and tracheas from 8-week-old chickens obtained at the end of the study showed M. synoviae in both organs from all chickens examined.
Lesions similar to those presented in our report are described in the literature. Some [2,3, 12, 13, 15, 19-21, 27,31, 34,351 describe lesions associated with Mycoplasma either alone or with other organisms. Others describe air sac lesions associated with Newcastle disease [18] , Escherichia coli [ 141, Hemophilus gallinarum [ 11, and infectious laryngotracheitis [30] . Evident in these reports, as well as in ours, are the patterns of reactivity of avian air sacs [15, 19, 25, 261 . Because of similarities in air sac lesions induced by various agents, the histologic changes illustrated in our report are regarded as the usual response of air sacs to injury and are not considered specific for M. synoviae infection.
Lymphofollicular nodules in avian tissues often are regarded as evidence of mycoplasma infection. The specificity of such structures for mycoplasma infection has been debated [4, 161 . Nodular aggregation of lymphoid cells by 21 days after infection with M. synoviae was described [ l l , 241. The absence of well-defined nodules from air sacs of chickens in this study illustrates the risk of relying on the presence of lymphoid cell aggregates for a positive diagnosis. Perivascular lymphoid hyperplasia was pronounced in the air sacs with a score of 4 obtained at 3 weeks. Lymphoid nodules might develop if there were more time after infection. A feature of avian inflammatory responses is the development of perivascular lymphoid nodules after experimentally induced inflammation [5,6, 17, 28, 331. There are two reasons why lymphoid cells are within and immediately beneath the air sac epithelium: they might be in the process of migrating through the epithelium into the exudate in the lumen; or they might be attracted by M. synoviae on the ciliated epithelium or to M. synoviaedamaged epithelial cells. In the latter event either antibody production or cell-mediated immune reactions, or both, would be contributing to the development of lesions. Both may occur simultaneously. The migration theory was proposed for Mycoplasma meleagridis-induced airsacculitis in poults [3 11. Mycoplasma were demonstrated by immunofluorescence on the epithelial cells of the air sacs from these poults [31], and there was some support for the lesion being immune-mediated.
Gross evaluation alone was, and is, useful in studies of airsacculitis. Histologic evaluation contributes to the gross observations and may provide better insight into the pathogenesis of the lesions. Air sacs with 3 and 4 scores had lesions histologically similar to lesions in turkeys 1 and 2 weeks after exposure to M. meleagridis [3] and similar to lesions in turkeys 1-3 weeks after inoculation with M . synoviae [ I 11. These similarities suggest that chickens with scores of 3 and 4 were infected within 1-3 days after the start of this trial.
The glycol methacrylate embedding procedure permitted thin (1-2 pm) sections with excellent detail to be cut with glass knives. Ciliated epithelium was distinct, and there was less cell shrinkage than with paraffin-embedded sections. The inability to remove all the stain from the plastic around the tissue caused some problems with resolution in black and white photomicrographs, but was no problem in color slides.
